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Preliminary Communication 
Complex formation of Ca2+ ions with 1-O-n-octyl-ß-D-
mannofuranoside 
Peter A. Kooreman and Jan B.F.N. Engberts 
Department of Organic and Molecular Inorganic Chemistry, University of 
Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands 
(Revised version July 7, 1995) 
Abstract. This paper describes the first example of complex formation of an 
alkylglycoside with calcium ions. Qualitative evidence for complex formation is 
obtained by titration microcalorimetry. 
Carbohydrate-d rived surfactants enjoy a growing 
interest because they possess potential for 
industrial applications. A significant advantage is 
that these surfactants can be prepared from 
renewable sources.1 
In previous studies2,3 it was observed that 
carbohydrates form complexes with calcium ions, 
while Van Bekkum and coworkers4,5 found 
complex formation in the case of alditols, using 
lanthanides as calcium analogues. 1-O(S)-
alkyl(-1-thio)glycosides may also provide sites for 
complexation with Ca2+ ions. This paper presents 
preliminary results on the binding of Ca2+ i ns to 
1-O(S)-alkyl(-1-thio)glycosides. 
Calcium is an interesting metal with 
respect to complex formation. Dheu-Andries and 
Pérez6 have reviewed the geometrical features of 
Ca2+-carbohydrate interactions. They have listed 
crystal structures of calcium- arbohydrate 
complexes and stressed the variation in 
coordination to oxygen by Ca2+ ions in both bond 
lengths and angles. 
The stability of the complexes depends 
largely on the stereochemistry of the sugar moiety 
involved. Martin7 stated that binding of Ca2+ to 
monosaccharides is very weak unless three 
hydroxy groups form a favorable tridentate 
disposition; i.e. one of the requirements for 
complexation is an equatorial-axial-equatorial or 
axial-equatorial- xial sequence of three hydroxy 
groups. Within the group of aldohexoses this 
limits the choice of possible ligands to D-allose, 
ß-D-mannose, D-talose and a-D-gulose.8 The 
stability constants (Ks) of the aldohexoses in water 
are moderate, e.g. Ks  =  6 M
-1 for the 
a-D-allopyranose-calcium complex. Without the 
right conformation (the stable chair form) and 
favorable configuration (ax-eq-ax or eq-ax-eq) only 
weak complexation and/or nonspecific interactions 
are expected.7,8,9 For furanoses, the requirement 
involves three cis- i  hydroxy groups as in 
ß-D-mannofuranose. With respect to 
carbohydrate-d rived surfact nts, a drawback of 
the monosaccharides under consideration is that 
they are either expensive (D-talose, D-allose, 
a-D-gulose) or difficult to convert into 1-O(S)-
alkyl(-1-thio)glycosides. Another drawback is that 
1-O(S)-alkyl(-1-thio)glycosides often exhibit high 
Krafft temperatures (TKrafft).
10 
Fig. 1 Structures of used alkyl(thio)glycosides 
1-O-n-octyl-ß-D-mannofuranoside (1) is 
soluble in water at room temperature and meets 
the requirement of three cis-cis hydroxy groups, 
except that the anomeric hydroxyl group is 
converted into an octyl hemi-acetal group. 
However, Symons et al.11 have reported a loss of 
the ability to bind Ca2+ by glucose derivatives 
going from the weak complex-forming D-glucose 
to 1-O-methyl-D-gluco-pyranoside (a or ß). They 
have concluded that either the basicity of the 
anomeric oxygen is reduced by replacement of H 
by  CH3  or   that   a   steric   barrier   to   complex
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formation is introduced by the methyl group. To 
the best of our knowledge, no alkylglycoside-Ca2+
interactions were previously examined. In the 
present study two methods were applied, a) 
titration conductometry and b) titration 
microcalorimetry. In both cases a concentrated 
aqueous CaCl2  solution is titrated into a 
surfactant solution (about 20 mM, twice the 
critical micelle concentration). These 
experimental results are compared with the results 
of a blank dilution experiment, in which the 
CaCl2 solution is titrated into water. 
Binding constants can be obtained from 
titration calorimetry.12,13 In an enthalpogram, the 
shape of the binding isotherms is determined by a 
dimensionless parameter c:14 
c = n  · Ks  · [ligand] (1) 
in which n is the stoichiometry of the complex, Ks
is the stability constant and [ligand] is the ligand 
concentration. For reliable quantitative results, c 
must be between 1 and 1000, outside this range 
results can only be interpreted qualitatively.14 In 
Fig. 2, DDdilH°, the result of subtracting the 
enthalpy of dilution of CaCl2 in water (Ddil,CaCl2H°) 
from the enthalpy of dilution of CaCl2 into an 
aqueous 1-O-octyl-ß-D-mannofuranoside solution 
(Ddil,glyH°), is plotted versus the molar ratio 
Ca2+:ligand (i.e. a corrected enthalpogram). 
Fig. 2 Plots of DDdilH° (=Ddil,glyH° - Ddil,CaCl2H°) 
versus the molar ratio of CaCl2 over 
surfactant of thioglucopyranoside 2 (l) 
and of mannofuranoside 1 at 55 °C (q). 
Of the three 1-O(S)-octyl(-1-thio)-ß-D-
glycosides depicted in Fig. 1, thioglucoside 2 and 
thiogalactoside 3 do not meet the requirements for 
complexation and indeed do not bind the metal ion 
as indicated by titration conductometry. The 
change in conductivity upon increasing the CaCl2
concentration in aqueous solutions of 
thioglycosides (2 and 3) is not significantly 
different from that recorded in water.15 
Although no complexation is anticipated 
for thioglucoside 2 and thiogalactoside 3, 
measurements have nevertheless been performed 
to  account  for  possible  nonspecific  interactions. 
The corrected enthalpograms are similar and 
indeed show a rather insignificant and positive 
constant DDdilH° for 1-S-alkyl-1-thioglycosides 2
and 3 (20 ± 1 cal/mol). For 1-O-octyl-ß-D-
mannofuranoside 1 a different result is obtained, 
clearly due to more significant complex formation. 
The crystal structure of ß-D-
mannofuranose-CaCl2.4H2O has been reported by 
Craig et al.16 In this structure, the calcium ion is 
shared by two carbohydrate molecules, 
coordinating through O-1, O-2 and O-3 of one 
molecule and O-4 and O-5 of the other. Based on 
this crystal structure we assume that for 
1-O-octyl-ß-D-mannofuranoside n = 0.5. The 
shape of the curve shows that c £ 1. Since the 
concentration of 1-O-octyl-ß-D-mannofuranoside 
1 equals 0.021 M, equation 1 indicates that 
the stability constant (Ks) is smaller than 95 M
-1.
From comparison of this result with the stability 
constants of the carbohydrate-Ca2+ complexes of 
D-allose, ß-D-mannose, D-talose and a-D-gulose8
(<6 M-1) in water, it can be assumed that Ks for 
the1-O-octyl-ß-D-mannofuranoside-Ca2+ complex 
is of the same order of magnitude. This is a low 
stability constant in general, but it can  be 
considered as a strong complexation of a nonionic 
carbohydrate moiety to a calcium ion.7,8,9 The 
enthalpy of complexation cannot be determined 
reliably, but is definitely small and positive, 
indicating that the process of complexation is 
entropy-driven. 
In conclusion, to the best of our 
knowledge 1-O-octyl-ß-D-mannofuranoside 1 is 
the first reported example of an alkylglycoside 
which forms a complex with calcium ions in 
water. The stability constant is small whereas the 
process of complexation is entropy-driven. 
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